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[1. TITLE] 

The manufacturing method of the trans- 1,5- polypentenamer which has the 
improved processing characteristics 

[2. claim] 

(1) Using the catalyst containing at least one sort of tungsten compounds, 
and at least one sort of organoaluminium compounds, the cycloolefin 
dissolved into the hydrocarbon solvent is polymerized. 

In the manufacturing method of a transpolyalkenamer, it polymerizes by 
setting molar ratio of hydrogen chloride against tungsten to 0.1:1 or 10:1 in 
the presence of hydrogen chloride. 

Said manufacturing method characterized by the above-mentioned. 

(2) Furthermore, a cocatalyst Is used. 

The manufacturing method which claim Claim 1 described. 
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[3. DETAILED DESCRIPTION OF INVENTION] 

Cycloolefin like a cyclobutene, a cyclopentene, or a cycio octene, used a 
mixed organometallic catalyst of the compound of the metal of the VIB. VB, 
and VIB group of an element periodic table (See Handbook of chemistry and 
Physics) 

47th version (1966) B-3 page) (Ti. Zr, Hr. V. Mb. Ta, Cr. Mo, W). and the 
organometallic compound of the metal (Li, K, Ma, Rb. Be, Mg, Ca, Sr, Ba, Al, 
Ga, In) of la, Ha, and the tlla group of a periodic table (See Handbook of 
Chemistry and Physics, 47th version (1966) B-3 page). 

A linear unsaturated polymer can be generated by performing the 
polymerization accompanied by a ring-opening. 

The double bond of this polymer is dependent on the catalyst which uses. 
It was mainly a cis-double bond. 
Or it is a trans- double bond. 

The polymer obtained can cross-link a bridge by the ability using the system 
which contains well-known vulcanizing system, for example, peroxide 
system, or a sulfur, and can obtain the forming product of elasticity highly. 
When a cyclopentene is polymerized using the catalyst based on a tungsten 
salt and an organoaluminium compound, the 1,5- polypentenamer obtained 
mainly has a trans-double bond (namely, 70 % or more). 
Thus, the molecular weight of the obtained polymer is usually very large, a 
molecular weight distribution is narrow. 

Molecular weight and a molecular weight distribution greatly influence the 
workability of a synthetic rubber. 

Depending on a normal processing apparatus (a roller, internal mixer), It 
does not process normally easily the polymer which has high molecular 
weight and a narrow molecular weight distribution and which can be 
vulcanized. 

In order to record and compare the processing characteristics of rubber, the 
combination of the flow of the product in various shearing stress or intrinsic 
viscosity (eta), a Mooney viscosity, the Defoe hardness, and the Defoe 
elasticity (DIM53514) is suitable. 

The combination of these characteristics corresponding to the optimal 

workability of a non-vulcanization rubber is various. 

It is specified about the elastomer of each amount. 

Objective of the invention is by giving a large molecular weight distribution to 

manufacture the polyaikenamer which has the optimal woriobility. 

This invention makes the organometallic mixed catalyst which comprises 

(a) Tungsten compound 

(b) Depending on the case, a cocatalyst 

(c) Organoaluminium compound contact the solution of the cycloolefin in an 
inactive organic solvent in the presence of the hydrogen chloride of the 
amount which amounts to the molar ratio of 0.1:1.0 or 10:1.0 hydrogen 
chloride against tungsten. 

The solution of the cycloolefin in an inactive organic solvent is contacted. 

It relates to the manufacturing method of a polyaikenamer which mainly has 
a trans- arrangement 
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The desirable molar ratio of hydrogen chloride against tungsten is 1 : 1 or 4: 1 . 
In particular the cycloolefin appropriate to objective of the invention is the 
cycloolefin which has the carbon atom of 4, 5. 7, or 18. for example, a 
cyclopentene, a cycloheptene, or a cycio dodecene. 
A cyclopentene is desirable. 

The organometalllc mixed catalyst which has the following composition is 
advantageous to in particular the ring opening polymerization of the 
cycloolefin (in particular cyclopentene) by this invention. : 

(a) Tungsten salt, preferably, it is haloganated tungsten. 

Or oxy haloganated tungsten, for example, WCI4, WCI5, WBr5, WCI40, 
WV6: 

(b) cocatalyst, for example 

(1) Epoxide of following General fomiula : 



9 



(In above Formula, x=H, an alkyi, an aryl, or aralkyi, and 
Y=H, an aikyi, an aryl, aralkyi, orCH2-Hal 
(Hal=Y, CI, Br or I), and 



X and Y may be substituted by an alkyI (CH5-) and/or halogen (CI), (2) 
Acetal of following Formula : 



(In above Fonnula, r is a hydrogen atom, or in the case, the halogenated 
alkyI (F. CI, Br, or I), aryl. or alkylaryl group is meant, 



R* means the alkylaryl group which may be substituted with halogen (F. CI, 
Br, I), (3) Haloalcohol of following General formula : 
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(In above Formula, 
X=F, CI, Br or I, 

R1 and R2 may be the same or different, hydrogen or an alkyi, an aryl, or an 
aralkyi group is expressed. R2 and R4 may be the same or different, a fluorine, 
chlorine, a bromine, an iodine, hydrogen, an alkyI, an aryl, or the aralkyi is 
expressed, and 

R1 and R3 can form a carbocyclic five or more -membered ring together with 
the carbon atom which they connect ), 

Or 

(4) Halophenol of following General formula : 



(In above Formula, x= fluorine, chlorine, a bromine, or an iodine, r= hydrogen, 
an alkyI, an aryl, an alkylaryl, the condensation cycloaliphatic, or an aromatic 
ring, and n= 1 , 2, 3, 4 or 5), the example of these cocatalysts here, 
They are ethylene oxide, a propylene oxide, an epichlorhydrine, 2-chloro 
ethanol. 2-bromo ethanol, 2-fluoro ethanol, 2-iodo ethanol, 2-chloro 
cyclohexanol, 2-chloro cyclopentanol, o-, m- and p- chloro phenol, di-2- 
chloroethylfomnal, or diethylfonnal. : 

(c) Organoaluminium compound, preferably following Formula. : 





(In above formula, 



( in above Formula. 

R1, R2 and R3 may express an alkyI, again 
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R2 and R3 may express halogen (CI, Br, F, or I) or an alkoxy group again, for 
example, Al (iBo-C4Hg)3, A! (C2H5)3. AI{C2H5)2CI. Al C2H5 CI2, 
AI(C2H5)2Br. AI(1-C4H9)2CI, AI(C2H5)20C2H5 
And an aluminium sesqui halide, for example, AI2(C2H5)3CI3. 

In the formula of said (a) thm (c), preferably an alky! group has 1-6 carbon 
atoms. 

An alkoxy group has 1-6 carbon atoms. 

Aryl groups are a phenyl, a tolyl. and a naphthyl group. 

An aralkyi group is a benzyl group. 

Halogen is CI or Br. 

Preferably it uses a catalyst component by the molar ratio of a=b=c of 
1:(0.3-10):(0.5-15). 

According to preferred Embodiment of this method, tungsten salt (a) is, first, it 

is made to react with cocatalyst (b) in the 0.05 - 0.5-mol solution in a 

hydrocarbon solvent (the same solvent as the solvent with which 

polymerization is preferably performed). 

It uses the dissolved reaction product as a catalyst component. 

The high concentration solution of a tungsten compound can manufacture by 

this method all the time, only two sorts of catalyst components merely need to 

be added. 

When WCI6 reacts with chloro ethanol, if hydrogen chloride generates in this 
phase, it can remain in the solution of a tungsten compound. 
As long as it is desired, it may enlarge molar ratio of hydrogen chloride against 
tungsten by adding anhydrous hydrogen chloride. 

If the lower molar ratio of hydrogen chloride against tungsten is necessary, the 
hydrogen chloride of a certain amount can be removed from the solution of a 
tungsten compound by introducing anhydrous nitrogen, the amount of the 
hydrogen chloride which it removed is measured by quantitative analysis. 
When it is the reaction of WCI6 and an epichlorhydrine, if hydrogen chloride 
does not generate in the reaction of tungsten salt (a) and cocatalyst (b), the 
hydrogen chloride of a required quantity is added by the solution of a tungsten 
component. 

It may add hydrogen chloride separately with the form of the solution in the 
solvent which it used, or it may introduce directiy with the form of gaseous 
hydrogen chloride. 

Preferably the hydrogen chloride of tiie amount made necessary by tiiis 
invention exists in the solution of the tungsten component of an organometallic 
mixed catalyst. 

The solvent to be used is an aliphatic and a cycloaliphatic, or preferably it is 
good with tiie aromatic hydrocarbon, for example, the hexane, the 
cyclohexane, the benzene and the toluene, or those mixtures. 
Generally this method is enforced as follows. : 

It adds tungsten compound (a) and cocatalyst (b), or preferably the reaction 
product of (a) and (b), and hydrogen chloride to 5 to 50 weight% solution of the 
monomer dissolved in one sort of said solvent. 

Preferably tiie solution of a reaction product already contains hydrogen 
chloride. 

An organoaluminium compound is added when a reaction mixture is adjusted 
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to required temperature. 

Polymerization is -60 degrees-Celsius or +60 degrees-Celsius, preferably in 
-1 5 degrees-Celsius or +15 degrees-Celsius, it is canried out. 
The polymerization time is 0.5 or 4 hours. 

When polymerization is finalized, an organometallic mixed catalyst 
Is inactivated by addition of For example, alcohol like methanol, ethanol, or 
an isopropanol, an organic acid like a stearic acid 

, or an amine like N-methyl ethanolamine, ethylenediamine, or 
N,N-dimethyl-ethylenediamine. 

A polymer is stabilized by addition of well-known antioxidant like a 2.6-di- 
tertiary-butyl -4- methyl phenol, 2,2'-dihydroxy- 3,3'-di- tertiary-butyl-5.5'- 
dimethyl-diphenylmethane, or phenyl-(beta)- naphthylamine to an effect of 
oxygen, and it deals in it by it. 

A patch system or a continuous method can also enforce this method. 

By adding a non-solvent, a polymer is settled from the solution in said solvent, 
and it deals in it. 

It is stopped and desirable technical means for isolating a polymer introduces 
a stabilized polymer solution into a hot water, it consists of distiling the 
azeotrope of a solvent and water (stripping). 
A polymer is obtained with the form of a lump. 

The lump of the rubber still covered with water Is dried on a strip-shaped drier 
or in a screw extmder in dry chamber interior. 

The polymer manufactijred by this invention has a broader molecular weight 

distribution remari<ably than tiie polymer obtained under the same conditions, 

though in the absence of hydrogen chloride. 

Consequentiy, the cold flow of a polymer becomes smaller above all. 

It is important for storage of a polymer, and a pile that a cold flow is small. 

The molecular weight distribution of tiie polymer manufactured by this 

invention is large. 

Moreover, the value of tiie Defoe hardness and the Defoe elasticity (DIN53514 
by Baader (Baader)) increases. 

And the value of a Mooney viscosity (ML-47100 degrees-Celsius, DIM53523) 
and intrinsic viscosity (eta) was not changed in practice. 
This shows cleariy. 

This is important for the process which should satisfy a trans- polyalkenamer, 
especially a trans- 1 .5- polypentenamer. 

The material by this Invention forms a sheet very easily on a rubber mill. 
According to the high thing of the shearing gradient, a filler and an adjuvant 
are distributed quickly and uniformly during a process on a mbber mill or within 
a Banbury mixer (internal mixer). 

Character of a vulcanisate like a tear resistance and a tensile-strength value 
(modulus) is also improved. 

As mentioned above, the polymer by this invention mainly has a trans 
configuration. 

At least 70% of the double bond (preferably 80-98%) of this is a trans 
configuration. 

It is understood as that which means this. 

The polymer by this invention comprises a synthetic mbber. 



JP47-010494 



8/13 



And character of the vulcanisate obtained stands high also when it 
manufactures from the mixture to which had many fillers and oil immersion 
was carried out. 

[Example 1] 

(a) Adjustment of a tungsten component : 

The container equipped with the agitator inserts 11. 9g of tungsten 
hexachlorides, and anhydrous toluene 200 ml. 

While intensely stirring 2-chloro ethanol 4.35g dissolved in anhydrous toluene 
93 ml by eliminating oxygen and the water component in atmospheric air, it 
drops in 60 minutes and gets. 

The color of a solution is changed from fine blue to dari< brown. 

Stirring is continued in room temperature for further 1 hour. 

The obtained solution contains 

Tungsten which is 0.1 mo! per 1 I. 

And 1.77 mol of hydrogen chloride per 1 mol of tungsten. 

(See comparison experiment e). 

(b) Polymerization of a cyclopentene : 

Anhydrous toluene 8500g and cyclopentene 1500g are introduced into the dry 
container which equipped with the agitator in the presence of pure nitrogen. 
Next, 60 ml of solutions of the tungsten compound prepared according to (a) is 
added in room temperature. 

This mixture is cooled to -15 degrees-Celsius. 

Subsequently, it adds, stirring 17.5 ml of 1 molar solution of the diethyl 
aluminium chloride in toluene. 
Polymerization is started immediately. 

This can be accepted by the remarkable increase in the viscosity of a solution. 
Reaction temperature is adjusted by extemal intercooling so that 3 hours may 
raise to 0 degrees-Celsius. 

Next, the- solution which dissolved ethylenediamlne 5g, 2,2'- dihydroxy- 
3,3'-di- tertiary-butyl-5,5'- dimethyl-diphenylmethane 5g, and ethanol 20g in 
toluene 200 ml is added. 

Polymerization is thus stopped. 

It isolates a polymer by introducing a polymer solution into a hot water. 
If a polymer solution is introduced Into a hot water, it will distil toluene and the 
mixture of water, the polymer which does not contain a solvent precipitates as 
a water-based suspension of a lump. 

Filtered separation of the lump is carried out. a under vacuum dries in 50 
degrees-Celsius. 

Anhydrous trans- 1,4- polypentenamer 1240g is obtained. 
Mooney-viscosity ML-47100 degrees-Celsius 101 
(DIN53523) 

Defoe H/E (DIN53514) 1225/26 

(eta) Toluene. 25 degrees-Celsius, al/9 24.9 

Trans double-bond % 91.7 

(It measured according to IR absorption) (*) 

(*) See G.Natta et al.Angew.Chem.76.765 (1964). 
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(c) Comparison experiment : 

100 ml of solutions of the tungsten compound adjusted in (a) is Introduced into 

the dry container equipped with the gas inlet pipe. 

Subsequently, it lets dry pure nitrogen pass for solution 2 hours. 

Nitrogen passes two gas washing bottles which contain a In sodium 

hydroxide solution 50 ml in all, after passing a solution. 

After the stop of experiment, by using a sodium hydroxide solution as an 

indicator, methyl orange is used and titration is carried out by InHCI. 

1 nHCI32.3 ml is consumed. 

That is, it removed 17.7 millimoles (98.5% of a theoretical amount) of 

hydrogen chloride from the tungsten solution in this experiment. 

100 ml of this bath liquid contains 10-millimole tungsten. 

Therefore, the molar ratio of the hydrogen chloride against tungsten in the 

original tungsten compound solution prepared according to (a) was 1.77:1. 

Next, polymerization Experiment 1 (b) is repeated completely like the above 
using the tungsten compound solution which removed hydrogen chloride. 
1205g of anhydrous polymers is obtained. 
Mooney-viscosity ML-471 00 degrees-Celsius 1 05 
Defoe H/E, 80 degrees-Celsius 775/12 
((eta)), toluene, 25 degrees-Celsius, al/9 2.56 

Trans double-bond % 91 .4 

The polymer obtained according to (b) and (C) has a mean molecular weight 
similar in practice so that those almost same Mooney viscosities and intrinsic 
viscosity (eta) may show. 

However, in those Defoe values, it is remarkably different. 

Defoe hardness (H) and elasticity (E) of a polymer which were prepared in (b) 

(based on this invention) is twice higher the thing obtained in (c) (Comparative 

Example). 

From the polymer obtained according to (b) and (c), a rubber mixture is 
adjusted by the rubber mill according to the following prescription, 
subsequently, this mixture was vulcanized. 
Mixed prescription 

Component of a mixture Weight part 



Trans- 1.5-polypentenamer 100 
ISAF carbon black 75 
High aromatic extender oil 45 
(NaphtholenMV)R 
Zno(RS)R 3 

Stearic acid 3 
N-phenyl-N-isopropyl 1 
Para phenylene diamine 1 
Phenyl-(alpha)- naphthylamine 1 
Benzothiazolyl -2- cyclohexyl 0.8 



Sulfonamide 
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Sulfur 2.0 

The workability on a rubber mill was categorized into the rating (1= very 

favorable one, 6 = it cannot process) of 1 through 6. 

The polymer adjusted according to (b) was classified by the rating 2. 

However, the polymer by (c) was classified by 4. 

In 150 degrees-Celsius, it vulcanized these mixtures. 

Next Table 1 shows character of a vulcanisate. 

[Table 1J 
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Table 1: Vulcanizing characteristics of trans-1,5-polypentenamer 
Row (left to right): Product, Vulcanizing at 150 degrees-Celsius (minute), Tensile 
strength, Extension at the time of tear, Modulus. Shore A hardness, Resilience, 
Tearing strength 

Column (top to bottom): Example b. Example c 
[Example 2] 

(a) Adjustment of a tungsten component : 

Anhydrous toluene 135 ml and 22.21g of tungsten hexachlorides are introduced 
into the stirring container which eliminated oxygen and water. 
It drops stimng formaldehyde-bis- ((beta)- chloro ethyl)-acetal CH3(OCH2 CH2CI) 
3 9.67g dissolved in toluene 80 ml in room temperature for 15 minutes. 
Stimng is continued for 90 more minutes. 

The solution of the obtained dark brown contains the tungsten of 0.0755 mols per 
liter. 

(b) In the case of a cyclopentene : 

Toluene 1030 and cyclopentene 200g is introduced into the stimng container which 
eliminated oxygen and water. 

10.1 ml (= tungsten compound 0.76 millimole) of solutions adjusted in 2(a) is 
added into a mixture under pure nitrogen. 

It cools to -15 degrees-Celsius, stirring this mixture, subsequently. 2.2 ml of 1 
molar solution of the diethyl aluminium chloride in toluene is added. 
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Polymerization is started immediately. 

Reaction temperature is adjusted by suitable extemal intercooling so that 3 hours 
may raise gradually to 0 degrees-Celsius. 

Next, polymerization is stopped by by adding a mixture (2,2'- dihydroxy- 3,3'-di- 
tertiary-butyl-5,5'- dimethyl-diphenylmethane 1g, ethylenediamine 1g. ethanol 5g, 
and toluene 50g). 

A polymer is settled by introducing the polymerization solution Into ethanol 31, a 

under vacuum dries in 50 degrees-Celsius. 

A transfomiation rate is 75-%. i.e., trans- 1,5- polytenamer, 150g. 

((eta)), toluene 25 degrees-Celsius 2.62 

ML-47100 degrees-Celsius 122 

Defoe H/E80 degrees-Celsius 1 250/21 

(c) Comparison experiment : 

100 ml of solutions of the tungsten compound adjusted according to example 2(a) 
is introduced into the dry container equipped with the stirring pillar, it lets the pure 
nitrogen similariy dried in it in example 1(c) pass. 

The hydrogen chloride which is dissolving is removed. 
Hydrogen chloride is absorbed in 1N NaOH 50 ml. 

Remaining 1N NaOH is measured by titrating by IN HCI, 34.0 ml was consumed 
so that 16-millimole HCI which is 100% of a theoretical amount might produce from 
the solution of a tungsten salt. 

Polymerization Experiment 2 (b) is repeated from now on using this tungsten 

compound solution that does not contain hydrogen chloride. 

A yield is 144g in this case. 

This is equivalent to 72% of transformation rate. 

(eta) Toluene, 25 degrees-Celsius 2.61 

ML-471 00 degrees-Celsius 1 1 1 

Defoe H/E, 80 degrees-Celsius 800/13 

According to comparison of the data from 2(b) and 2(c). the polymer manufactured 
in the presence of hydrogen chloride has the data of improved Defoe resulting from 
a much large molecular weight distribution. 

The workability of the polymer manufactured according to example 2(b) follows 
and is favorable. 

However, the product manufactured according to 2(a) cannot be processed 
satisfactorily. 

[Example 3] 



In the presence of the hydrogen chloride of various amount, polymerization 

experiment was conducted as Example 2 described. 

Experiment conditions and a result are summarized by following Table 2. 



[Table 2] 
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Table 2 

Row (left to right): Experiment number, Toluene. Cyclopentene, Polymerization 
temperature, Tungsten compound of Example 2(c) millimole. HCI milllmole. 
AI(C2H5)2CI millimole, Polymerization time 



Table 2 (continued) 



Row (left to right): Experiment number, Transfomiation rate, Mooney viscosity (1), 
Defoe hardness/elasticity at 80 degrees-Celsius (2), Toluene, Cold flow at 50 
degrees-Celsius (3), Trans-double bond (4), 

(1) DIN 53523 

(2) DIM 53514 

(3) Cold flow; 

It measured in the corrected outflow blast meter. 

(4) It measured with IR spectrometer. : 

See G. Natta et alAngewChem76,765 (1964). 

The polymer which has a large molecular weight distribution is obtained by 
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the polymerization method (experiment C and H) that the value about the 

crude rubber in these experiment follows this invention. 

The cold flow of the product of this experiment was also measured. 

The polymer according to this invention has a cold flow (experiment C and 

H) cleariy lower than the comparison experiment A and B. 

It is advantageous for storage of a polymer, and a pile that a cold flow is low. 

This invention makes the essential point the method which the claim 

described. 

However, the following matters are also included as an aspect of 
implementation. 

(1) The molar ratio of hydrogen chloride against tungsten is 1:1 through 4:1, 
the method as described in claim Claim 1 or Claim 2. 

(2) Cycloolefin is cycloolefin which has 5 or 7 through 18 carbon atoms, the 
method as described in claim Claim 1, Claim 2, and the preceding clause. 

(3) The method as described in the preceding clause cycloolefin is a 
cyclopentene. 

(4) Hydrogen chloride is generated by the reaction of a tungsten compound 
and a cocatalyst, the 2nd claim and the method of depending in any one of 
said (1)-(3). 



[REPRESENTATIVES] 

Ezaki Mitsuyoshi 
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